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NUMBER REV 
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TITLE VT72 HARDWARE SPECIFICATIONS 


Section 0 - OVERALL DESCRIPTION 

The VT72 is an LSI-11 based upper/lower case intelligent terminal 
programmed to perform complex editing tasks by interaction 
between the user, the keyboard and a raster scan display. 

Most of the features of this terminal will be defined by software. 
These features will be listed in the section under "OVERALL 
EDITING FEATURES", but will only describe the hardware necessary 
to interact with the software to make an editing terminal. A 
separate document will describe the software and detailed 
features of the VT72 as an editing terminal. 

The VT72 is a table-top unit with monitor, keyboard, power supply, 
logic, fans, etc., in the one enclosure. Quad or half-quad 
modules plug into a double system unit wired assembly. There 
is room in the wired assembly for expansion to 28K of memory 
and/or expansion of other Q bus controllers. See the appendix 
for the layout of the wired assembly. 

As shown in the block diagram in the appendix, the VT72 is a 
standard LSI-11 with the addition of two special modules to 
drive the display, and one special module to read the keyboard 
and drive the keyboard lights. All other modules are standard 
LSI-11 modules. 

The basic VT72 does not contain mass storage although room for 
expansion of the Q bus to include a floppy disk control is 
available in the basic VT72. The VT72 without mass storage is 
loaded from a host computer via the DLVll-F serial asynchronous 
line interface module. 
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VT72 User Specifications Summar 


Section 1 - SPECIFICATIONS 


1.0 General 


- 15" Alphanumeric Display 


- 24 Rows of Characters 


- 80 Characters per Row 


- 256 Code Extended Character Set 


- 4 Special Display Modes 


These are the general specifications of the hardware but do point 
out features possible when software is added. If the feature is 
performed by software, this fact is noted in the feature description. 

1.0.1 The displayable screen area is 240 horizontal 

sweep lines, each line made up of 800 dot positions. 

A character is made up of a 10 X 10 dot matrix. 

The screen is therefore made up of 24 character 
rows, and each row contains 80 characters. 


- Underline 

- Half Reverse Video 

- DEC Standard Main Keyboard 

- 36 System Defined Function Keys 

- 16 User Definable Function Keys 

- 12 Indicator Lights 

- On/Line or Off/Line Operation 

- Programmable Character Set 


Individual characters can be displayed in normal, 
reverse video, bold and underline modes. These 
modes are additive, ie., bold reverse video. 

Under program control, individual characters can 
also be made to blink. They can be made half- 
intensity by displaying the character on alternate 
sweeps. The only limitation to character display 
modes is that there should not be more than 20 
changes in display mode per character row. For 
example, 10 non-con tiguous reverse video (or bold 
or blink or underline) blocks of characters can be 
displayed in the same row as 10 non-con tiguous 
blocks of characters. If the limitation is exceeded, 
the screen will flicker. 

An alternate method of programming is available for 
applications that require extensive character mode 
changes. The programmable character set of 256 
characters can be used to describe characters of 
different display modes. For example, the first 
128 characters could be normal while the second 
128 characters could be the same characters except 
in reverse video. 
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1.1 Display Monitor 

The monitor is a standard 15 inch CRT. There are 80 characters 
per row, 24 rows? normal, blink, bold, underline and half- 
intjsnsity reverse video. Half-intensity by software of normal, 
underline, and half-intensity reverse video is possible by 
turning off selected portions of the display on alternate sweeps. 
Blink rate is controlled by the software. 

1.2 Keyboard (LK05 Var. -01) 

The sculptured keyboar'd has N key rollover and uses Hall effect 
devices. 

The parallel keyboard produces unique codes for each key. The 
main keyboard is a DEC standard keyboard with the addition of 
16 keys above the normal top row of keys. 

There are two function pads, each containing 18 keys. The 
right most function pad has 6 lights down each side of the pad. 
The distance between the two pads is ^5 a key width so 1.5 wide 
key caps can be used to fill the space between the two pads. 

In this case, the left most lights must be removed. 

1.2.1 Unique Features 

Some function pad keys produce one code when depressed 
and another code when released. This allows the software 
to carry out a function at an arbitrary speed which is 
pleasing to the human operator (ie., scroll) but start 
and stop this function when the operator interacts with 
the key. These keys are: the last 3 rows of the left 

function pad, the last 2 rows of the right function pad, 
one key in the upper left corner of the right function 
pad, and the repeat key on the main keyboard. 

1.2.2 Keycaps 

This whole keyboard can be depopulated to tailor the 
keyboard to a particular application. In addition, all 
keycaps are removeable? keycaps can be ordered with clear 
plastic tops with a user-changeable insert for legend. 


See the LK05 purchase specifications for more information 
on this keyboard. PS-30-12538, var. -01. 
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If EOT is detected, the display controller stops access from 
memory until the whole display cycle is repeated. 

If the number of characters specified in the parameter word 
have been read from memory by the display control, the display 
control will pick up another parameter word and text pointer. 

It will read the contents of the wired address, increment it 
by two and write the incremented information back into the 
memory. This incremented information will then be used as the 
address of the second text address/parameter word/text pointer 
pairs. The cycle then continues as before. 

There can be a large number of parameter word and text pointer 
pairs to define BLOCKS OP TEXT. A block of text can be as 
large as 2048 characters or as small as 1 character. For 
example, the cursor is usuaXljs^ defined as a one character block. 
Each contiguous piece of text not in the same display mode must 
be a separate block. For example, if 3 words were displayed, 
the first word normal video, the middle word reverse video and 
the last word normal video, three blocks would define this 
video presentation. Text, of course, can be contiguous in 
memory or scattered in blocks throughout memory. 

1.4 Character Generator 

The character generator is capable of displaying 256 unique 
character codes. The character generator is loaded under 
program control when the terminal is first initialized. This 
means that changing characters does not involve hardware changes, 
only changes to a list in memory. This feature is known as a 
"programmable character set". 

Characters are displayed in a 10 X 10 dot matrix. The whole 
screen is comprised of contiguous 10 X 10 dots squares, 80 to 
a line, in 24 lines, a total of 800 horizontal, 240 vertical dots. 
Because spaces must be left between characters and between lines, 
the actual character is usually displayed in a 8 X 8 matrix. 

The 9th horizontal scan line in the 10 X 10 matrix is underline. 
The 10th horizontal scan line is usually left blank as a space 
between character lines. The VT72 character layout is shown in 
the appendix. Computer convention shows numbering from 0 to 9 
instead of 1 to 10. 
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1.3 Interface to LSI-11 


Text packed 2 characters to a 16 bit word is taken directly from 
memory (DMA) into the display controller. The controller has two 
shift registers that can store 80 characters each. One shift 
register drives the display while the other is loaded from 
memory. After a row of characters has been displayed, the 
functions of the two shift registers are reversed. 

The method of accessing text in memory is similar to the 3-cycle 
data break of the PDP-8. In the VT72, a wired address contains 
a pointer of address to a list of parameter words and text 
address. This list is called a DISPLAY TABLE. A 16 bit parameter 
word and a 16 bit text address define a block of text to be 
displayed on the screen. These two words are in consecutive 
memory locations. 

The PARAMETER WORD is a 16 bit word. The least significant 11 
bits of the parameter word are the number of characters to be 
displayed. Another 4 bits in this 16 bit word define whether 
the text is to be blank, bold, underline or reverse video. 

The most significaifit bit (if a one) connects the parameter 
word to a JUMP instruction so that the contents of the next 
memory location are jammed into the word address. This feature 
and the bit assignment of these two l6 bit words is detailed 
in the section on programming. 

The 16 bit text address word, also called a TEXT POINTER, is the 
current address of the text being loaded into the display 
controller shift register. 

DISPLAY SEQUENCE - The display control reads text for the first 
character row while a blank row above the normal screen area is 
being displayed. The display control first reads the contents 
of the wired address (INITIAL DISPLAY TABLE POINTER) and uses 
it as an address to read the first parameter word and the 
associated text pointer word into hardware registers in the 
display control. The parameter word is used to determine the 
display mode and to count the number of text characters to be 
taken from memory. The display control used the text pointer 
to address memory, increments the hardware register containing 
this address and used hardware to count the number of characters 
read from memory equals the number of characters that. were 
previously read from the least significant 11 bits of the 
parameter word. 
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The 10 horizontal and 10 vertical dots which define a character 
are generated by 10 "words", each 10 bits long. There is one 
10 bit word for each of 10 horizontal scan lines which make up 
a character. Each 10 bit word therefore defines one horizontal 
scan line of a character. 

The character generator is loaded from memory by the display 
controller. This information contains 20 words for each ASCII 
character plus the ASCII character. These words are 16 bits 
long. 

The software starts this loading sequence by setting Bit 15 of 
the Command and Status register. When the display controller 
is finished displaying the current frame, it then reads the 
contents of a jumper selectable address, the character list 
pointer. The contents of this address is the starting address 
of a table containing the character generator information. 

These contents are read into a register that can be incremented 
and used by the display controller as an address to do DMA's 
from memory to the character generator RAM. 

It is possible to change 1 or 256 characters in the character 
generator since the software has control of memory contents and 
therefore the starting address of the table, the length of the 
table and the data describing the displayed character to be 
associated with each ASCII code. Details of loading the 
character generator is contained in the programming section. 

1.5 Panned Scrolling 

The software of the LSI-11 can interact with the display hardware 
so scrolling occurs smoothly instead of jumping one character 
row a.- a time. When scrolling is requested from the keyboard, 
the software preloads a counter in the display control with a^ 
number that can vary from 6 to 17. This number represents the 
fraction of a character row the display will scroll, from 
1/10 to 9/10 of a character row. 

When scrolling text up, the top scan line disappears from the 
screen and a new scan line appears at the bottom of the screen. 
Software changes the text list pointers so 25 rows of characters 
instead of 24 rows of characters are displayed on the screen. 
Since there is only room on the screen for 24 complete rows, 
part of the first and last row will be missing. The offset 
number determines how much will be missing. If this number is 7, 
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10% of the top row and 90% of the bottom row will be missing. 
The software changes this number at a regular rate, which is 
some multiple of the display frame rate (60 HZ or 50 HZ) . When 
the number reaches 17, 90% of the top row and 10% of the bottom 
row will be missing. The next time the software changes this 
number, the number will be changed to 6. At the same time, the 
text list pointer will be changed so only 24 rows of characters 
are displayed, the top row will have disappeared completely 
from the screen and the bottom row will be completely on the 
screen. 

Scrolling downwards is similar. 


VT72 BLOCK DIAGRAM 


LSI-11 16K 16K 


1.6 Unique Codes 


The display hardware detects 8 unique codes: 
ASCII code - 

00 & 200 END OF TEXT 

01 & 201 END OF LINE 

02 & 202 END OF LINE 

03 & 203 END OF LINE 


Keyboard’*! Display* DLVll-F 

Control Control 


MRVll-VC 
IK PROM 


When an END OF LINE code is detected by the hardware, DMA from 
memory for that line is stopped and the rest of the shift 
register is loaded with the space code to effect a blank of the 
display line after the END OF LINE code. 

When END OF TEXT code is detected, DMA from memory is stopped 
for the remainder of that display cycle and the screen is 
blanked from the END OF TEXT code to the bottom of the screen. 
Eight codes are provided so as to allow displayable and non 
displayable line terminators. 


J ^eybd. video 

Keyboard Ibighys Control 


/Serial 
Comm. / 
Line / 
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VT72 Module Utilization 


16 K — 

using ”5 T, T, 

MSVll-DC M T , — 

MOS Mem 9 LSI-ll"^ 

12 MSVll-DC 

13 DLVll-F ( 
L5 Display 


Optional 


*MRV11-VC 
. Grant Board 
Keybd Control 

_ Control 

Control 


2.0 Display Processor 

The VT72 Display Processor consists of a MS657-YA and M8658-YA 
module. It is a microcon trolled device with DMA control over 
the LSI-11 bus. As such its operation is separate from the 
LSI-11 once its parameters have been set-up. The display will 
continue even if the LSI-11 has halted program execution. The 
VT72 has a writable character store which also operates as a 
DMA function. The character set is totally in volatile manory 
and must be rewritten at every power-up time. In addition, 
the display has the ability to smooth scroll (pan) and detect 
end of line (EOL) and end of screen (EOS) . 


28K 
using 
MSVll-DC 
MOS Mem 


Grant Board 
Not Used 


LSI-11 

MSVll-DC (16K) 
DLVll-F (Ser) 
Display 
Video 


*MRV11-VC 

MSVll-DC (16K) 
Keybd Control 
Control 
Control 


The display processor generates a raster scanned video present- 
ation composed of 240 scan lines made up of 800 dot positions. 

A character is made up of a 10 X 10 dot matrix. The raster is 
therefore made up of 24 character rows each containing 80 
characters. See Purchase Spec. 30-12537 for a timing diagram 
of the video information. 

3.0 Programming 

3.1 VT72 Command And Status Register 177670 (Standard) 


16K 
using 
MSVll-CD 
MOS Mem 


28K 
Using 
MSVll-CD 
MOS Mem 


1 Grant Board 

Not Used 2 

4 Not Used 

” -L 

5 " 

" ^ 

8 


9 LSI-11 

*MRVll-VC 10 

12 MSVll 

-CD 11 

13 DLVll-F (Ser) 

Keybd Control 14 

15 Display 

Control 

Video ' 

Control 


1 

Grant Board 

Nrnt Used 

2 

4 

Not Used 

•t 

3 

5 


II II 

6 

8 

LSI-11 

*MRVll-VC 

7 

9 

MSVll- 

CD (16K) 

10 

H 

MSVll- 

CD (16K) 

11 . 

13 

DLVll-F (Ser) 

Kevbd Control 

1.4. 

15 

Display 

Control 



Note : I f no 
MRVll-VC in Conf. 
substitute grant 
board in slot. 


Pan Offset 

Enable Character Detection 

' ^Enable Display 

Enable Character Modification 

It is very important to rem«nber that register is not a hard%«are 
register. It is a window into the microcontroller. The controller 
will only look at these bits at the correct time in relationship 
to raster on the screen. However, this does allow the unique 
ability of being able to redefine any single character while 
displaying. The microcontroller will use the vertical fly-back 
time to do this, and the screen will never flicker. The 
programming concepts will be discussed later. Hoviever, the 



SIZE 

A 

CODE 

SP 

NUMBER 

VT72-0-2 

r\ 

1 

SIZE CODE 

^ SP 

NUMBER 

VT72-0-2 

REV 1 

DEC FORM NO EN-01022-16^370-(381) 



SHEET 

OF 21 

DEC FORM NO EN-01022->S-N37<H3I1) 
DRA 108 


SHEET 

OF 



! o 


ENGINEERING SPECIFICATION OB 

no CONTINUATION SHEET 

TITLE VT72 SPECIFICATIONS 



individual bits will be identified now. 

3.1.1 Pan Offset: 

This is a write only register which gives the display the 
capability of smooth scrolling. The register has a legal 
value range from 6 to 17. The value of 6 is the normal 
pan offset. The pan bits must always have some value 
whenever the register is loaded. Each increment of the 
pan register offsets the screen by one scan: 

Scan Line Pan Offset 


6 

7 

10 

11 

12 

13 

14 

15 

16 
17 


Ex: When the pan register equals 10, 8 scans of Row 0 are 

displayed, 10 scans of Rows 1-23 and 2 scans of Row 24. 

It is important to note that although only 24 rows of 
text are displayed on the screen 25 rows are always loaded 
by the micro controller. To scroll up start the pan 
register at 6 and increment to 17 - to scroll down start 
at 17 and decrement to 6. 

When scrolling the pan register may only be changed once 
per vsync (discussed later) and must be changed not less 
than once every other vsync or the screen will flicker. 
However, it may be incremented in an accelerating manner 
to as much as a whole row per vsync and still look smooth. 


3.1.2 Enable Character Detection 


: ^Bit ^ 


This bit enables the action of the special characters 
for END OF LINE and END OF SCREEN. When bit 5 is a zero, 
these characters are treated as any other characters. 
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ASCII Character 


0 & 200 
1 & 201 
2 & 202 
3 & 203 


END OF TEXT 
END OF LINE 
END OF LINE 
END OF LINE 


These codes are detected by hardware but since the character 
generator is programmable, the codes will be displayed. 

_3.1.3 Enable Display Bit 6 

This is a write only bit that when set enables the terminal 
to display. While displaying the microcontroller will 
give an interrupt every vsync time. Vsync is defined 
to be the time just after the microcontroller has loaded 
from the pan register and after it has picked up the 
initial address of the display list from the IDTP (Initial 
Display Table Pointer). At this point either of these 
values may be changed. 

3.1.4 Enable Character Modification: Bit 15 

This bit when set will initiate the writing of characters 
at an address pointed to by CLP (Character List Pointer). 
Whenever this bit is set the pan value must be set to 6 
or the characters will be offset. The enable display and 
enable character detection bits may be on at this time. 
However, only one character may be written without screen 
flicker. 

The list is terminated by a zero in the low order byte. 

When the micro controller is done loading, the terminating 
address will be deposited in the CLP. It is important 
to note that several precautions are necessary here. 

1. If the micro controller is not displaying; 

A. A random pattern of lines and characters 
will be displayed while writing. Finally 
before the display is enabled a strange 
pattern may be left on the screen. 

B. While the CLP will contain the last loaded 
address after writing the CLP will contain 
a random address once the enable bit is 
turned on. 
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C. Both the Enable Display and the Enable Character 
Modification bits may not be set if the micro is 
not already displaying. This is due to the fact 
that the micro-controller may see the Enable 
Display bit before the Enable Character Modification 
bit and destroy the contents of the CLP. (See 
preceding Section B) . Correct sequence of operation 
would be as follows; 

I. Set lip IDTP (Section 3.2.4) to point 
to £X)S (Section 3.1.2) character. 

II. Turn on display (screen should be 

blank because EOS has not been defined) . 

III. Wait 1/60 of a second. (Be sure bit has 
been seen) . 

IV. Write the character set and read display 
on (MOV #100146, @#177670). 

V. The micro-controller is ready to display. 

If the micro controller is displaying: 

A. The last loaded address will be returned to the CLP 
and won't change because the display is already on. 

B. Only one character may be written at a time or the 
display may flicker. 

C. If, however, it is desirable to write the entire 
character set as long as the last 2 lines of text 
are blank the display will go blank for the write 
time. 
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3.2 Hardware Vectors (Pointers) 



VT71 



xxo 

360 

PC 'i 

Vector Pair 

XX2 

362 

pswJ 


XX4 

364 

CLP - 

Character List Pointer 

XX6 

366 

DTP - 

Display Table Pointer 

XXIO 

370 

IDTP • 

- Initial Display Table Pointer 


3.2.1 Vector 

Pair : 



Standard PDPll 

interrupt v 

-.tor pair micro controller 


interrupts here every vsync time. 

3.2.2 Character List Pointer: 

Should contain the first address of the character list 
before the enable character modification bit is set. The 
location may be used to determine when the micro controller 
is done since it returns the last loaded address to the 
CLP when done. 

3.2.3 Display Table Pointer: 

This is the micro controller's correct Display Table 
Address. Whenever the current display table's byte count 
overflows the micro controller goes to the next display 
adder by incrementing the address in this position by 4. 

3.2.4 Initial Display Table Pointer; 

The micro controller loads the DTP from this address just 
prior to vsync time. 


3 . 3 Text Format 


15 


HIGH BYTE 


LOW BYTE 


Text can start or stop on a high byte or low byte. The full 
8 bits are decoded to form a character. The appendix lists 
the standard 256 characters. 


SHEET 


SIZE 

.A. 


CODE 

SP 


NUMBER 

VT72-0-2 


DEC FORM NO EN-01022-16-N370-(381) 
DRA 108 


REV 


SHEET 16 np 21 


























e 


ENGINEERING SPECIFICATION 

gwiimiif 

CONTINUATION SHEET 

TITLE VT72 SPECIFICATIONS 




3.4 Character Data Format 

The VT721 uses a 10 by 10 dot character matrix. To completely 
describe all the dots in the matrix requires 20 sequential 
memory locations. Each location contributes its low order 5 
bits to the 10 X 10 matrix. The first word describes the first 

5 bits of Line 0. the second word the last 5 bits of Line 0. 
However, the 5 bits in each word of the description appear in 
reverse (mirror image) order. The hibyte of each word is the 
ASCII Address (0-377) of the character being defined. Bits 

6 and 7 of the lobyte must always be a one (as zeios they 
terminate the definition) , Bit 5 is set to a one in the first 
half of a scan line, zero in the second half. 


3.4.1 Character Definition Word 


15 14 13 12 11 10 9 8 

r~ 

7 6 

5 

4 3 2 1 0 

ASCII ADDRESS 

4 : 

tl 

TS FOR 1 S 


FIRST OR SECOND HALF OF THE SCAN 


_7 - 6 


1 TO CONTINUE DEFINITION 
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Bit 5=1 


DEC FORM NO EN-01022'16-N370-(381) 
DRA 108 ^ 


Word 

Raster Scan 

First Half 

Second Half 





1 

1 ' 

Scan 0 

X 


2 

Scan 0 


X 

3 

Scan 1 ’ 

X 


4 

Scan 1 ! 


X 

5 

Scan 2 

X 


6 

Scan 2 


X 

7 

Scan 3 


X 

8 

Scan 3 


X 

9 

Scan 4 

X 


10 

Scan 4 


X 

11 

Scan 5 

X 


12 

Scan 5 


X 

13 

Scan 6 

X 


14 

Scan 6 


■ X 

15 

Scan 7 

X 


16 

Scan 7 


X 

17 

Scan 8 

X 


18 

Scan 8 


X 

19 

Scan 9 

i 

X 


20 

Scan 9 


X 


Bit 5=0 
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3.5 Display Table 

The display table consists of one or more entries (Display 
Blocks) each containing two elements. The parameter word 
which contains the display information and the byte count. 
Secondly the byte address where the display list begins. 
The maximum total display blocks per line is 20. 

3 .5.1 Parameter Word 


15. , 14,.12^12 11 IQ 9 8 7 6 5 4 3 2 1_Q_ 
X - A ' a 111- — ^ 

^ T gy^.Q Couht^^^^ 

Re^»'erse Videc^ 

Underline J 

Bold > 

Blank j 

Jump J 

3.5.2 Byte Count: 


Display Modes 


Two's complement of the desired number of bytes to be 
displayed using this parameter word. Once the byte value 
has overflowed the microcontroller will continue on to 
the next sequential parameter word and address pair. The 
byte counts overflows at 3777 rather than 0 due to certain 
hardware constraints. If BC = 3777 is loaded the micro 
processor will go immediately to the next display block. 

3.5.3 JUMP: 


The JUMP is a command to the microcontroller when bit 15 
is set the rest of the parameters word is ignored and the 
pidress that follows is jam loaded into the DTP. This 
address is the start of the new display list. Care must 
be taken in using JUMPS. As a general rule of thumb one 
JUMP has the same overhead as one display block, (ie., 

1 JUMP + 19 BLOCKS - 20 Display Units) . 
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NOTE: When the display processor is heavily used 14-20 

display units per line 30-45% of all processor 
tirTiG V7ill be devoted to DMA accessory for display, 

3.5.4 Display Modes 

These modes are tied to the particular block. The mode 
will continue through the block until the byte count 
overflows o Then the next modes are loaded with the new 
byte count. The microcontroller treats the blank bit 
the same as the others so the display list for that block 
must be valid (not EOL or EOS characters unless desired), 

3.5.5 Reverse Video: 

Reverses the intensification of the character matrix. 

3.5.6 Underline: 

Turns on the 9th scan line. 

3.5.7 Bold: 

Intensified by two rhe character matrix. 

3.5.8 Blank: 

Turns off the display during that display block. This 
would generally be used to make the display blink. 
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ENGINEERING SPECIFICATION 


M8656 LK05 to LSI-11 Bus Interface 


3.2 Keyboard Status Register KBSR 


CONTINUATION SHEET 



ENGINEERING SPECIFICATION 




CONTINUATION SHEET 


TITLE M8656 LK05 to LSI-11 Bus Interface 


3 . 7 Address and Vector Assignments 


The address and vector assignments may be set to the standard 
console, ie: 


Character Available - Read Only - set to 1 
by keyboard strobe indicating a character has 
been transmitted from the keyboard. Cleared by 
addressing KBUF or INIT. 

Keyboard Interrupt ENA - Read/Write - cleared 
by INIT. If bit 6 is set and bit 1 is set, an 
interrupt occurs. 


Address Vector • 

177560 

62 60/64 

64 
66 

in which case it will interface with the ODT in the LSl-11. 
However, addresses starting at 76XXX0 and all vectors up to 
374 are possible. 


3.3 Keyboard Data Buffer KBUF 


Switch Se table ID number 


Keyboard Data bits. 


3.4 Led Status Register LCSR 


Led Ready - Read Only - Set by INIT. Cleared when 
LBUF is loaded, set after adjustable time delay. 

Interru^ Enable. If bit 6 is set and bit 7 gets 
set an interrupt occurs. 


3.5 Led Data Buffer LBUF 


Bit 15-13 


Causes an audible click when set to a 1. 


Causes individual leds to light. 


3.6 Interrupts - Two interrupts, one for keyboard and one for Leds. 
They operate independently except the keyboard has priority. 


3.8 Halt Character 

When enabled by a jumper, if 377/8 is transmitted from the 
keyboard the Halt line on the LSI-11 bus is asserted for 1 MS. 
This forces the processor into ODT. 


4.0 40 Pin Pinning 


Keyboard Data 0 
I 


M 
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S 

U - Keyboard Data 
X,W,Y +5 
Z,BB,DD +5 
AA -12 

CC -12 

HH Led 5 

JJ Led 9 

KK Led 4 

JJ Led 9 

KK Led 4 

LL Led 10 

MM Led 3 

NN Led 11 

PP Led 8 

RR Led 0 


2 

3 

4 

Strobe 
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All other pins are ground. 
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ENGINEERING SPECIFICATION BE 

Qi CONTINUATION SHEET 

TITLE M8657 CONTROL MODULE 



1.1 The M8657 is a control processor interface between the VT21 
Video Module (M8658) and the L3I-11 Bus. It is bo».h a DMA 
and INT. device. 

1.2 The M8657 receives, from the M8658, all status information 
required to control the raster scar display. It transmits 
to the M8658, 16 bits of address ard data, control and 
timing. 

1.3 POWER REQUIREMENTS: 

+5VDC AT 4.1 A MAX./3.0 A TYP. 

2.1 The module has switch selectable vector and device address. 
There are three other addresses v4iich will be called pointer 
addresses. They are consecutive and will follow the selected 
vector address. 


3.0 DEVICE, VECTOR AND POINTER ADDRESS 
Switch Off = 1/On = 0 
Device Vector Pointer 1 

177670 360 364 


Pointer 2 Pointer 1 & 2 


370 


1 4.0 FINGER PINNING 







+ 5\^~ 

AA2 

GND 

BTl ! 

B 

DMG 

I L * 

AR2 


BA2 



CC2 ' ! 

B 

DMG 

O L * 

AS2 


CA2 



CJl ! 

B 

INIT L 

AT2 


DA2 



CMl 

B 

DAL 

0 L 

AU2 





CTl ! 

B 

DAL 

1 L 

AV2 

+12VDC 

AD2 



DC2 

B 

DAL 

2 L 

BE2 


BD2 



DJl = 

B 

DAL 

3 L 

BF2 


CD2 



DM1 i 

B 

DAL 

4 L 

BH2 


DD2 



DTI I 

B 

DAL 

5 L 

BJ2 



B 

DOUT L 

AE2 1 

B 

DAL 

6 L 

BK2 

GND 

AC2 

B 

RPLY L 

AF2 

B 

DAL 

7 L 

BL2 


AJl 

B 

DIN L 

AH2 ! 

B 

DAL 

8 L 

BH2 


AMI 

B 

SYNC L 

AJ2 I 

B 

DAL 

9 L 

BN2 


ATI 

B 

IRQ L 

AL2 1 

B 

DAL 

10L 

BP2 


BC2 

B 

lAK I L* 

AM2 

B 

DAL 

llL 

BR2 


BJl 

B 

lAK 0 L* 

AN2 ! 

B 

DAL 

12L 

BS2 


BMl 

B 

BS7 L 

AP2 1 

B 

DAL 

13L 

BT2 
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ORA 108 


SHEET ^ OF 1- 


1 ENGINEERING SPECIFICATION 

SiSISIQIi 

CONTINUATION SHEET j 

TITLE M8657 CONTROI 

MODULE 






B DAL 14L 

BU2 

TEXT ROW 25 


DS2 

HB 03 H 

CEl 

B DAL 15L 

BV2 

UNDERLINE 


DT2 

HB 02 H 

CFl 

SP CHAR. FLAG 

CE2 

REV. VIDEO 


DU2 

HB 01 H 

CHl 

LB07 H 

CF2 

COL 99 FLAG 


DV2 

HB 00 H 

CKl 

LB06 H 

CH2 

DMA OVF 


AEl 

CLK 4 

CLl 

LB05 H 

CJ2 

CTP OVF 4 


AFl 

PAN 00 

CNl 

LB04 H 

CK2 

CTP OVF 3 


AHl 

PAN 01 

CPI 

LB03 A 

CL2 

B DMR L 


ANl 

PAN 02 

CRl 

LB02 H 

CM2 

CTP OVF 2 


AR2 

PAN 03 

CSl 

LB01 H 

CN2 

CTP 1 


ASl 

WRITE RAM(l) L 

CUl 

LB00 H 

CP2 

CLK 1 L 


AVI 

SRL 00 H 

CVl 

DIS. SCAN 0 

CR2 

BDCOK H 


BAl 

MC SRLLO BYTET 

LDAl 

SRL 01H 

CS2 

IB DCOK H 


BCl 

MC SRL CLK 

DBl 

DIS. ROW 0 COL20 

CT2 

CC OVF 


BDl 

MC 404SRL L 

DCl 

DIS. ROW 25 H 

CU2 

CTP OVF 1 


BEl 

MC T.VID OFF L 

DDl 

0 FLAG 

CV2 

CTP OVF 5 


BFl 

MC CLK RC L 

DEI 

TIME 1 H 

OE2 

CTP OVF 6 


BHl 

SRL 07 (0) L 

DFl 

TIME 2 H 

DF2 

B SACK L 


BNl 

MC LOAD SR 

DHl 

CLK 3 

DH2 

BC OVF 


BRl 

MC TSC CLK L 

DKl 

BLANK 

DJ2 

MC WRITE RAM 

L 

BSl 

MC TSC LOAD L 

DLl 

BOLD 

DK2 

SRL 05 H 


BUI 

MCT. VID ON L 

DNl 

CLK VSR 

DL2 

+3V-CTP 


BVl 

MC CLR 99 FLAG L DPI I 

RC OVF 

DM2 

HB 07 H 


CAl 

MC CLR 20 FLAG 

DRl 

SCAN 0 FLAG 

DN2 

HB 06 H 


CBl 

CLK 0 

DSl 

TEXT ROW 0 

DP2 

HB 05 H 


CCl 

MC REFRESH L 

DUl 

COL 20 FLAG 

DR2 

HB 04 H 


CDl 

KC PAN^SC L 

DDL 

NOTE: 1 







1 * These signals are 

not bussed - 

They are daisy chained. 


1 NOTE: 2 







1 All unlisted pins are unused LSI-11 bus 

lines and must 


not be used. 
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rework; instructions : 

ECO 

COMPONENT SIDE 1 

1-1. DELETE C97'. lOe50PF (P/N 1000042) 
1'E DELETE C93, 1000f7 iP/N 1000042) 
1-5 DELETE R39j \Z0A (P/N 1300247) 
1-4. DELETE R40, 330/c (P/M 1300295 J 
•COMPONENT v\DDS SIDE 1: 

1-5. ADD C9T, 1E00PF (P/N 1002424) 
1-(p.AOD C98^ lapOPF (P/N 1002424) 

1- 7 ADD R39, 150.x (P/N 1300250) 

. 1-aADD R40^ 220 a. ( P/N 1300271) 

COMPONENT DELETES S/DEV 
Z-\,DELtTE J446, 2200. CP^i3002lO 
2^2.D£l£T£ DZ /N4604C^//O579i>) 
Z-3.D£L£1E tSOOMl) 

COMPONENnrfiDDS 5/Dff 1: 

24 ADD R40, 330« CffN/500235) 

2 - 5 ADD M4^JUfiP£R(aN90D9mS) 

2- GAODA25j iOELC^ 7301517) 

ECOr3 

COMPONENT DELETESlOE I- 

3- 1 delete R 39, 150-^ (lyN 1300250) 

3-2 DELETE WI4^ JUMPER 9009185) 

COMPONENT ADDS SIDE I : 

3-3 ADD R39, 120 n. (P/N 1300247) 

3-4 ADD R43, 33a (P/N 1300197) 


notes: 


+ 
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1 HOLE ORTA I 

SYMBOL 
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4 
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FIN HOLE SIZE 
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.042 
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1 BOARD FABRICATION INFORMATION I 

PANEL SIZE 

e.5 QUAD 

PANEL DATA OWC.« 

D-MD-7e05Sl9 

PANEL MAT-L 

. 052 TWX. 

QTY. OF LAYERS 

2 

COPPER THICKNESS 

1 OH 

PTH. vX print and 

ETCH 

HdOULC INSERTED IBB TIMES OR MORE? 



SIGNATURES 

DATE 

ORN. J. carter 

K.S-76 

CHK-O..^.^. 
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EHCy>a*-^S 

3-f-77 

PR0J.ENG.:2>..t« 3 

3?- 77 

PROO. 


SCALE 2X 
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TITLE 
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DIGITAL EQUIPMENT CORPORATION 


MADE BY J. WILLIAMS 
DATE , 11-10-75 

ENG R* » 

PAT^ :?/ 

DRAWING NO. 


PAmrsusT 

CHECKED J. WILLIAMS 
DAT£_.x : ^2-24-76 

PROD^ 

DATE ^ 

PART NO I 


5011896 

1009678 

1001610-00 


ISSUED «CtlC 
DESCRIPTION 


-MO^L&HBGQ--ft?S TO R¥- - ■ 
ETCHED CIRCUIT BOARD 
CAP .047 Uf 16V 
CAP .01 Uf 

CAP .47 Uf 


1000042 

CAP 1000 Pf 

1100114 

DIODE D664 

1109502 

DIODE IN4742 

1110994 

DIODE IN75XA 

1300195 

RES. 33 OHMS 1/2W 

1300197 

RES, 33 OHMS 1/4W 

1300243 

RES. 12 0 OHMS 1/2W 

1300271 

RES. 220 OHMS 1/4W 

1002424 

CAP 1200 pf 

1300309 

RES. 390 OHMS 

1300447 

RES. 4.7k 
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REF DESIGNATION 


C1-C7, C17,C100^ C42-C51,C53-C59,C61-C7'J 
C80-C87, CIO, C12, C14, C16, C26, C34-36 
C29, C37-C41 . 

C8, C9, Cll, C13, C15, C18, C19, C78, 
C79, C95, C96, C32, C27, C21-C25, C30, 
C31 

C52 

Dl, D2, D3, D5 


R32 , R43 

Rl2 ' 

■“'“'rTo', R20, 
C97,C98 
R29, R31^ 
R1-R18, R27R42 


THIS DRAWING AND SPECIFICATIONS. HEREIN. ARE THE PROPERTY OF DIGITAL EQUIPMENT TITLE 
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QUANTITY /VARIATION 


NOTES: 
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ENGINEERING SPECIFICATION DATE 2/24/76 

TITLEM8658YA Video Module 


REVISIONS 


REV 

DESCRIPTION 

CHG NO 

ORIG 

DATE 

APPD BY 

DATE 

- 

M8658 SPECIFICATION 

- 

JLW 

2/24/' 
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A 

M8658YA SPECIFICATION 

1 

JLW 

2/3/7' 




ENG 






SIZE COOE| 

A sp 


NUMBER 

M8658YA-8 


REV 

A 


DEC FORM NO. 
DRA 107A 


SHEET 


. OF . 


ENGINEERING SPECIFICATION ■ 

■H CONTINUATION SHEET 

TITLE M8658YA Video Module 



1.1 The 8658YA is a video control interface between the VT71 
Display Monitor and the M8567YA Control Module. 

1.2 The 8658YA receives, from the M8657YA, 16 bits of address 
and data, control and timing. It transmits all required 
status information to the M8657YAy it also controls all 
timing and video data for the VT71 Display Monitor. 

1.3 POWER REQUIREMENTS; 

+5VDC AT 3.2A M?X/2.0A TYP. 

+12VDC AT 0.6A MAX/0.4A TYP. 

2.1 The module has jumper selectable timing for 50 H2 or 

60Ht it is also jumper selectable for either a Motorola 
or Ball Brothers Display Monitor. 

3.0 JUMPER SELECTION; 


TTTW 


“5TTW 


koiorola 


■Bair 


10 = IN 

11 = OUT 

12 IN 

13 = OUT 


1 = OUT 

2 = IN 

3 = OUT 

4 = IN 

5 = OUT 

6 * IN 

7 = OUT 


4.0 FINGER PINNING; 


1 = IN 

2 = OUT 

3 = IN 


10 = OUT 

11 = IN 

12 = OUT 


B = OUT 
M * IN 


B * IN 
M * OUT 


4 = OUT 13 * IN 

5 = IN 

6 * OUT 

7 * IN 


+5VDC 

AA2 

GND 

ATI 

VTP RADD 00 

AE2 


BA2 


BC2 

VTP RADD 01 

AP2 


CA2 


BJl 

VTP RADD 02 

AH2 


DA2 


BMl 

VTP RADD 03 

AJ2 




BTl 

VTP RADD 04 

AK2 

+12VDC 

AD2 


CC2 

VTP RADD 05 

AL2 


BD2 


CJl 

VTP OVF 2 

BE2 


CD2 


CMl 

COL 99 

BF2 


DD2 


CTl 

DIS. SCAN 9 

BH2 




DC2 

VTP OVF 3 

BJ2 

GND 

AC2 


DJI 

VTP OVF 4 

BK2 


AJl 


DM1 

VTP OVF 5 

BL2 


AMI 


DTI 

VTP OVF 6 

BM2 
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VTP OVF 7 
FIRST ROW TEXT 
VTP OVF 1 
SP. CHAR. FLAG 
LB jel7H 
LB J36H 
LB 05H 
LB 04a 
LB 03a 
LB 02a 
LB 01H 
LB 00a 

SPL 0ia 
DIS. ROW 0a 
DIS. ROW 25H 
0 FLAG 
TIME 1 H 
TIME 2 H 
CLK3 
BLANK 
BOLD 
CLK VSR 
RC OVF 

TEXT ROW 0 


BN2 

COL 20 FLAG 

DR2 

HB 04H 

CDl 

BR2 

TEXT ROW 25 

DS2 

HB 03H 

CEl 

BT2 

UNDERLINE 

DT2 

HB 02H 

CFl 

CE2 

REV. VIDEO 

DU2 

HB 01H 

CHI 

CF2 

COL 99 FLAG 

DV2 

HB 00H 

CKl 

CH2 

VTP 1 

ABl 

CLK 4 

CLl 

CJ2 

VTP VSR 11 

ACl 

PAN 00 H 

CNl 

CK2 

VTP VSR 10 

ADI 

PAN 01H ■ 

CPI 

CL2 

VTP \^R j39 

AEl 

PAN 02H 

CRl 

CM2 

VTP VSR 08 

AFl 

PAN 03H 

CSl 

CN2 

^TTP VSR 07 

AHl 

WRITE RAM(l) L 

CUl 

CP2 

VTP VSR 06 

AKl 

SRL 00H 

CVl 

CR2 

VTP VSR 05 

ALl 

MC SRL LOBYTE L 

DAI 

CS2 

VTP VSR 04 

ANl 1 

MC SRL CLK 

DBl 

CT2 

VTP VSR 03 

API 1 

MC 40->SRI. Ii 

DCl 

CU2 

VTP VSR 02 

ARl 

MC T. VID. OFF L 

DDl 

CV2 

VIDEO DATA 

AUl 

MC CLK RC L 

DEI 

DE2 

CLK 1 L 

AVI 

SRL 07(0) L 

DFl 

DF2 

IB DCOK H 

BCl 

MC LOAD SR 

DHl 

1X12 

VTP VID. ENABLE 

BKl 

MC TSC CLK 

DKl 

DJ2 

MC WRITE RAM L 

BSl 

MC TSC LOAD 

DLl 

DK2 

SRL 05 H 

BUI 

MC T. VID. ON L 

DNl 

DL2 

+3V TP 

BVl 

MC CLR 99 FLAG 

DPI 

DM2 

HB 07H 

CAl 

MC CLR 20 FLAG 

DRl 

DN2 

HB 06H 

CBl 

CLK 0 

DSl 

DP2 

HB 05H 

CCl 

MC REFRESH L 

DUl 




MC PAN-WSC 1 

DVl 
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5.0 


TIMING DIAGRAMS 
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ENGINEERING SPECiFiCATION MBB B CONTINUATION SHEET 

TITLE M8658YA Video Module 


NOTE: 

1. F/P - FRONT PORCH on H SYNC./V SYNC. DELAY. 

2. B/P = BACK PORCH on H SCAN /V SCAN DELAY. 


_ u. 

® o 

I? I 
of^ ® 


3. HP = HORIZONTAL PERIOD = (64.1 USEC.) 

4. COL = CHARACTER TIME. = (641 NSEC). 

5- H SYNC=HORIZONTAL SYNC. SIG. = (5.1 USEC). 

6. V SYNC = VERTICAL SYNC. SIG. = (320 USEC). 

7. HORIZONTAL B/P = (5.1 USEC . ) 

8. VERTICAL B/P = (769.2 USEC) 

9. HORIZONTAL F/P = (2.6 USEC). 

10. VERTICAL F/P 60 HZ. = (192.3 USEC.). 

11. VERTICAL F/P 50 Hz. = (192.3 USEC. + 52 HP's = 3.3 MSEC) 

12. INVERT VSYNC FOR BALL BROS . 
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5011989-00 

1001610-01 

1210786-01 

1210841-00 

1211813-00 

1302388-00 

1312956-00 

1911579-00 

9009507-00 

9107256-00 

9009157-00 

1210786-02 


PARTS LIST 
DESCRIPTION 


5411990 

.01 MFD lOOV OR 50V Z5U DISC/800PF MIN 
KNOB. PLASTIC FOR 8A 
SW.TOG SPECIAL SNAP IN VERSION 
SOCKET 16PIN LOW PROFILE 

2 K 1/4W 5% CC (13-00 

200 K .5W lOy. POT 

8641 TRANSCEIVER. BUS. QUAD. UNIBUS 
HARNESS. BRIGHTNESS POT 

##)KiK**** THIS ITEM IS NOT USED ****»**»# 
TUBING. THIN WALL.. 27ID UL (91-00 

♦**»»**» THIS ITEM IS NOT USED »***♦♦*#* 
SW.RKR KNOB 
HARNESS . BOOTSWITCH 
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PLATED X X X ^_>L.lX X X_T 

NON PLATED 

QTY> 450 67 22 9 3 6 10 14 

O-OFF CRD HLE 6 3 6 10 


BOARD FABRICATION INFORMATION 
PANEL SIZE 8.::>40X 11.750 

PANEL DATA DWG>» D - VID -7605819 
PANEL MAT-L .055 THICKNESS 

QTY, OF LAYERS 2 LAYERS 

COPPER THICKNESS 2 OUNCE 

pth.YES print and etch 


MODULE inserted IBB TIMES DR MORE? 


SIGNATURES 


DRN> JOHNIEPKOWSKI 13-1-76 H I 0 I t '3 I 
CH<'D. |j- 4 - 2 > I I 1 ^ I 1 I 


ENG. ^ /rMj* 4^ 
PRO J . ENG . 

PROD. 

SCALE 2 TO I 


. TITLE 

' POWER SUPPLY 

sizeIcode] number 


8 


1 MS#_Ji/i 













CHANCE N 






















5411776 --0-5 I 











QUANTITY VARIATION 
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a VT72/t on the following system types: 

1. PDP-11 with DHll interface. 

2. PDP-il with DLll interface, 

3. PDP-8 with KL8-J interface. 

4. PDP-8 with DH8-E interface. 

This procedure is set up in the following manner: 
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2.0 Reference Documents 

2.1 VT72/t Service Manual; (EK-VT72t-SV) . 

2.2 VT72/t Print Set. 

2.3 Mast Phase 1 Check Off List. 

2.4 Workmanship Manual; (DEC STD 116). 

2.5 Finish and Color Standard; (DEC STD 092). 

3.0 VT72/t OFF-LINE SELF TEST DIAGNOSTICS 

3.1 Checkout Inspection 

Following receipt of the test item(s), perform a 
brief (quick scan) visual inspection for obvious 
discrepancies per the DEC STD 116 and DEC STD 092. 

3.2 Off-Line Checkout 

Run terminal off-line self test step 1, step 2, 
step 3 and step 4 as defined in chapter 2.4 of the 
VT72/t Text Editing Terminal Service Manual. 

4.0 On-Line Test 

4.1 PDP-11 With DHll Interface: 


Go to Section Five (5) for checkout and acceptance 
procedure, 

4.2 PDP-11 With DLll Interface: 

Go to Section Six (6) for checkout and acceptance 
procedure. 

4.3 PDP-8 With KL8-J Interface: 

Go to Section Seven (7) for checkout and acceptance 
procedure. 

4.4 PDP-8 With KL8-A Interface: 

Go to Section Eight (8) for checkout and acceptance 
procedure . 
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5.0 PDP-11 With DHll Checkout And Acceptance Procedure 
5.1 Required Test Equipment 


5.1.1 

PDP-11 System With DHll 

5.1.2 

H319 And BC03S Cable 

5.1.3 

MRVll-VC = (M7942-YC) 

Required Test Software 

5.2.1 

MAINDEC-ll-DZDHJ, DHll : 

On-Line Test Set-Up 


Set-up the test item(s) , with all power off, in the 
configuration shown in Figure 3 and insert MRVll-VC 
into the VT72/t as per service manual, (Appendix A) . 

5.4 On-Line Checkout And Acceptance 

If an MRVll-VC is available for each VT72/t to be 
on-line, system tested do step 5.4.1 (Do not perform 
step 5.4.2) . 

If an MRVll-VC is not available for each VT72/t to 
be tested do step 5.4.2. (Do not perform step 5.4.1) 

5.4.1 Run ESC, D DLVll Host Loopback. (See VT72/t 
Service Manual Section 3.2.3 for details) . 

5.4.2 Using the steps outlined below, "hand toggle" 
the following program into the VT72, (On 
the VT72 keyboard, "NEW PARA" is equivalent 
to line feed) , 


Loc 

Instruction 

Type 

200 

5 

(LF) 

(Cmd. to open 

105737 

(LF) 

Mem. Loc 200) 

177650 

(LF) 


100375 

(LF) 


113737 

(LF) 


177652 

(LF) 


771 

(CR) 
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5.4.3 Load the DHll Echo Cable Test (MAIN-DEC-11- 
DZDHJ) . Then patch the line parameters 
register constant to enable even parity. 

LOC BEFORE AFTER 

4620 33503 33523 

Then start the test in the host, (LINE SPEED 
MUST BE 9600 BAUD) . 

5.4.4 Select the cable test section of the 
diagnostic. 

5.4.5 Allow the test to run for 15 min. on each 
VT72/t, 

5.4.6 No errors are acceptable in the 5.4.5 15 min. 
per terminal test. 

5.4.7 Set bootstrap function switches on the M8656 
module. SW #7 of El6 to OFF and SW #8 of 
E16 to ON. (Further details, see VT72/t 
Service Manual, Appendix B, Figure B-8). 

6.0 PDP-ll With DLll Checkout And Acceptance Procedure 

6.1 Required Test Equipment 

6.1.1 PDP-11 System with DLll 

6.1.2 H319 and BC03S Cable 

6.1.3 MRVll-VC = (M7942-YC) 

6.2 Required Test Softvrare 

6.2.1 MA IN-DEC-1 1-DZDLA, DLll Test. 

3.3 On-Line Test Set-Up 

Set-up the test item(s), with all power off, in the 
configuration shown in Figure 2 and insert MRVll-VC 
into the VT72/t as per service manual, (Appendix A) . 


6.4 On-Line Checkout And Acceptance 

6.4.1 If each VT72/t to be tested has an MRVll-VC; 
perform section 5.4.1. 

6.4.2 If each VT72/t to he tested does not have an 
MRVll-VC r perform section 5.4.2. 

6.4.3 Load and start the DLll Test, (MAIN-DEC-ll-DZDLA) . 
Line speed must be 9600 baud. 

6.4.4 Select test #56 of the DLll diagnostic. 

6.4.5 Allow the test to run for 15 min. on each VT72/t. 

6.4.6 No errors are acceptable in the 6.4.5 15 min. per 
terminal test. 

6.4.7 Set bootstrap function switches on the M8656 
module. SW #7 of El6 to OFF and SW #8 of El6 
to ON. (Further details, see VT72/t Service 
Manual, Appendix B, Figure B-8). 

7.0 PDP-8 With KL8-J Checkout And Acceptance Procedure 

7.1 Required Test Equipment 

7.1.1 PDP-8 System with KL8-J 

7.1.2 H319 and BC03S Cable 

7.1.3 MRVll-VC = (M7942-YC). 

7 . 2 Required Test Software 

7.2.1 MAIN-DEC-8-DIKLA, KL8-J Loopback Test. 

7.3 On-Line Test Set-Up 

Set-up the test item(s), with all power off, in the 

configuration shown in Figure 3 and insert MRVll-VC 

into the VT72/t as per service manual, (Appendix-A) . 
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